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ENTEROVIRUSES IN AN URBAN AREAt
Since Landsteiner and Popper first reported the isolation of the virus of
poliomyelitis in 1908, great advances have been made towards under-
standing this disease and achieving its control. In spite of the progress in
other areas of poliomyelitis, there are still many problems to be solved in
relation to its epidemiology. While it is generally assumed that man is the
only reservoir of the virus, there are a number of phenomena which have
not yet received adequate explanation under this assumption, among them
the curious seasonal incidence in temperate climates, and the significance
of the presence of virus in flies during epidemic times. These unsolved
problems concerning the behavior of polioviruses are equally applicable to
other newer members of the enterovirus family, viz. the Coxsackie and
ECHO viruses.
The present study was undertaken in an attempt to define more clearly
the association of enteroviruses and flies. Flies were trapped during two
successive summer periods (1959 and 1960) in several low-rental housing
projects in New Haven, Connecticut-areas containing populations highly
selective for young children. Studies of the trapped flies using monkey
kidney tissue culture techniques were carried out to determine how readily
enteroviruses could be isolated from them, and whether any correlation
could be established between the strains isolated from flies and those
isolated from patients. In the second year of the study (1960) a further
objective entered the picture in that beginning in Febraury and ending in
May of that year an oral poliovirus vaccine trial was conducted by the
Yale Poliomyelitis Study Unit among preschool children in the same
housing project areas selected for the collection of flies. The testing of
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flies for virus thus became a possible means of determining how long
attenuated poliovirus vaccine strains persisted in the community after they
were introduced in a vaccine program.
MATERIALS AND METHODS
Clinical disease in New Haven associated with enteroviruses in 1959 and 1960.
The two summers during which the study was carried out proved to be very different
ones in terms of the occurrence of diseases due to enteroviruses. In 1959, an epidemic
of poliomyelitis occurred, while the summer of 1960 was remarkable for the absence
of clinical disease associated with any enteroviruses. The 1959 epidemic was caused
almost exclusively by a type I strain of poliovirus. In all, 48 cases occurred, the first
one with an onset on June 22, the last on December 21, giving an attack rate of 28.5
per 100,000.1 The character of this epidemic was similar to that described by Speers,
et al. for the 1959 poliomyelitis epidemic in Des Moines, Iowa.2 Geographically the
disease was rampant in the lower socio-economic sectors of the city, and thus tended
to be concentrated in or around housing projects where the proportion of young
children in the population is high and where less vaccination with Salk-type vaccine
had been carried out. The victim of poliomyelitis in these areas was characteristically
Negro, and a preschool child. In each case, clinical diagnosis was verified by the
Virus Diagnostic Laboratory of the Grace-New Haven Community Hospital, either
by isolation and identification of the causative agent or by serological tests.
In contrast to the 48 cases of poliomyelitis which were recorded for New Haven
in 1959, no clinical cases of enterovirus infection were manifest during the whole of
1960 nor were enteroviruses isolated from city patients by the Virus Diagnostic
Laboratory of the Grace-New Haven Community Hospital during this period. In three
of the housing projects where fly collections had been made the previous summer,
350 preschool children had been fed Sabin's live attenuated poliovirus vaccine between
February and May. No vaccine had been administered in a fourth project which served
as a control in the present study.
Study areas. Four low-income housing project areas scattered throughout the city
of New Haven, Connecticut were selected for study. The dwellings are brick multiple
apartment houses or duplex apartments, all constructed since 1940. Over 50 per cent
of the inhabitants are under 21 years of age and approximately one-third of these are
in the 5 years or younger age group. Moderately high standards of sanitation were
present in the study areas, with flush toilets and regular garbage disposal either by
incineration or collection. Garbage containers were by and large stored in sheds, six
to eight to a shed, and it was noted that large numbers of flies swarmed around these
sites. Few dogs or other animals were seen on the grounds and never was anything
resembling human feces in evidence.
Fly collections. Fly collections were made in cylindrical wire traps of the type which
have been previously used in fly-virus studies.8 The bait used consisted of fresh
chicken intestines. In 1959 fly trapping was carried out during the period between
July 3 and August 28, traps being set out at least once weekly at each of the four
sites and collected 18-24 hours later. In 1960, from June 7 to August 22 weekly
collections were made after the traps had been out for 6-9 hours in the same locations
as in 1959.
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Processing and testing of flies. Fly specimens were processed according to the
method worked out by Riordan,' and a sample of each catch was set aside for species
identification. In 1959 the flies were separated into 10 ml. aliquots prior to storage
at -20' C. while in 1960 the entire catch was frozen in one container. The samples
were then held at -20' C. until further processing. Suspensions were prepared by
adding Hanks' Balanced Salt Solution (BSS), 1 ml. for each milliliter of flies. After
further freezing, thawing and centrifugation, antibiotics (penicillin and streptomycin)
were added, and the mixtures were allowed to stand at room temperature for 30
minutes prior to inoculation into tissue cultures.
Rhesus monkey kidney (MK) tissue culture monolayers were used routinely for
viral isolation.! Three-ounce bottle cultures were used for primary virus isolation,
stationary tubes for virus titration and identification. Inoculated cultures showing no
cytopathic effect (CPE) were observed for 12-14 days, after which one blind passage
was made, the sub-cultures being observed for another 7-14 days.
The agents producing CPE in tissue culture were set up in neutralization tests,
using 100 TCD.0 of virus contained in 0.1 ml., and pools of antisera containing approxi-
mately 20 units of each antibody per 0.1 ml. Virus isolates were tested against
a number of pools of antisera including the following: one pool containing antibody
against the three types of poliovirus; six pools against ECHO viruses (containing
types 1-19); a pool of Coxsackie B 1-5 antisera. Coxsackie A9 antiserum was tested
alone. If CPE was inhibited by any of the antiserum pools, the virus was then tested
against the specific components of the neutralizing mixture.
Isolation of virus from patients. Enterovirus isolations and identifications were done
by the Virus Diagnostic Laboratory of the Grace-New Haven Community Hospital.
The techniques used on specimens from patients are similar to those used in processing
fly specimens and employ the same MK tissue culture system."
Isolation of virus from sewage.* During 1960, following an oral poliovirus vaccine
trial,' sewage specimens were collected at regular intervals from three buildings in
the Elm Haven Annex Housing Project, the collections being concurrent with the
trapping of flies in the same area. In two of the buildings there were families with
children who had received oral poliovirus vaccine, while no children living in the
third control building had been vaccinated. Specimens were obtained by floating 3" x 3"
gauze pads attached to a nylon fishing line in the sewer pipes for a period of 3 days.
The method of processing of the specimens has been reported elsewhere.7 Virus isolation
techniques were identical to those described above.
RESULTS
ENTEROVIRUS ISOLATIONS FROM FLIES, 1959
In the interval between July 3, 1959 and August 28, 1959, 44 collections
of flies were made, ranging in size from 15 to 236 ml.; each milliliter
contained an average of seven flies. The species and proportions of each
species encountered were similar to those reported by other workers using
* I am indebted to John Riordan of the Department of Epidemiology and Public
Health for the virus isolation results from these specimens.
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similar bait in this same locale.! The feces-feeding green bottle flies
(Phaenicia sericata and Lucilia illustris) comprised the bulk of flies
caught in all traps, with lesser numbers of blue bottle flies (Phormia regina,
Calliphora, etc.), and rare house flies (Musca domestica) and biting flies.
Of the 44 fly collections, 13 (30%o) were found to contain entero-
viruses (Table I). Poliovirus type I was the only strain of this agent
isolated, being found in 10 of the catches. From two specimens ECHO
type 7 was isolated, and from one, ECHO 6. No mixtures of viruses were
12 _
CASES OF
POLIOMYELITIS 6
ENTEROVIRUS 22-30 1-7 6-15 16-23 24-3I 1-7 8-15 16-23 24-28
ISOLATIONS JUNE JULY AUGUST
FROM FLIES IN
SROOKSIDE _ - - IE7 _ _ -
ELM HAVEN 2PI 2P! 2PI IPI - IE6 - -
FARNUM COURTS I _ - IPX IPI - - _
QUINNIPIAC TERR. - _ _ _ _ IPI - -
KEY
* FATAL CASES OF POLIOMYELITIS (TYPE I)
3 CASES OF POLIOMYELITIS (TYPE I) PI POLIOVIRUS (TYPE 1)
* CASE OF POLIOMYELITIS (TYPE U) E6 ECHO TYPE 6
- NEGATIVE
FIG. 1. New Haven poliomyelitis epidemic, 1959. Clinical cases and virus isolations
from flies, by weeks.
detected. There did not appear to be a striking correlation between size
of fly sample and the presence or absence of virus, since 23 per cent of
collections of 50 ml. or less were positive, and 33 per cent were positive
when the total catch was greater than 100 ml.
In general, the catches were of good size, and the smallest positive
sample was one of 15 ml. Indicative of the high degree of virus saturation
of flies in an area was the finding that usually more than 50 per cent of
the aliquots of a positive fly collection contained virus, as shown in
Table I. Furthermore, poliovirus was detected in as few as 10 flies from
one batch; the amount of virus present averaged 2,000 plaque-forming
units per fly.
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TABLE 1. COLLECTONS OF FLIES AND RESULTS OF TESTS FOR
VIRUSES IN FOUR NEW HAVEN HOUSING PROJECTS
July 3, 1959-August 28, 1959
Total volume Pools* of flies tested virus
(ml.) offlies No. No. Per cent strains
Date collected tested pos. pos. isolated
ELM HAVEN
July 3 80 7 5 71 Polio I
7 100 9 9 100 Polio I
10 140 16 7 43 Polio I
14 110 10 5 50 Polio I
17 45 3 3 100 Polio I
21 60 5 2 40 Polio I
24 40 4 1 25 Polio I
31 10 1 0 0 0
August 4 50 4 0 0 0
14 30 2 2 100 ECHO 6
21 100 9 0 0 0
28 70 6 0 0 0
BROOKSIDE
July 3 236 20 0 0 0
10 40 3 0 0 0
14 25 2 0 0 0
17 10 1 0 0 0
21 100 9 0 0 0
24 80 5 2 40 ECHO 7
31 15 1 1 100 ECHO 7
August 4 70 6 0 0 0
11 100 7 0 0 0
21 40 3 0 0 0
FARNUM COURTS
July 7 20 1 0 0 0
10 135 12 0 0 0
14 10 1 0 0 0
17 15 1 0 0 0
21 20 2 0 0 0
24 20 1 0 0 0
31 90 5 1 20 Polio I
August 4 120 6 3 50 Polio I
11 100 9 0 0 0
21 20 1 0 0 0
28 80 7 0 0 0
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TABLE 1. (Continued)
Total volume
(ml.) offlies
Date collected
QUINNIPIAC TERRACE
July 7
10
14
17
21
24
31
August 4
11
20
28
20
25
145
25
150
120
50
110
120
40
50
* Total collection was divided
pools were tested separately.
No. No.
tested pos.
1 0
2 0
11 0
2 0
12 0
9 0
4 0
10 0
2 1
3 0
4 0
into pools of approximately 10 ml. each, and all
Time relationships-fly isokations and clinical poliomyelitis, 1959
During the period in which flies were collected 38 cases of poliomyelitis
and one case of aseptic meningitis due to ECHO type 4 were reported in
New Haven. Of the 38 cases of poliomyelitis, 37 were due to poliovirus
type I and one to type III. No other enteroviruses were in evidence
clinically during this time, in spite of the fact that ECHO types 6 and 7
4
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JUNE JULY 8-IS 16-23 24-28
AUGUST W%Fv P P- T Pt P - E -W I
Pi PI PI Pt I E6 - -
E POLIOMYELITIS CASES WITHIN
ONE-HALF MILE RAUIUS OF FLY TRAP
(TYPE I)
l POLIOMYELITIS CASES WITHIN
ONE-HALF MILE RADIUS OF FLY-TRAP
(TYPE m)
FIG. 2. Clinical cases of poliomyelitis and virus isolations from flies in Elm Haven
housing project, 1959.
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were isolated from flies. The over-all experience during this period is
shown in Figure I. More than 75 per cent of clinical infections occurring
in New Haven during 1959 took place within the period of fly trapping.
In the housing projects there were five cases of clinical poliomyelitis
between July 1 and August 28, and 18 more occurred within a one-half mile
radius of the fly traps. From what is known about the large number of
inapparent infections which occur for every case of poliomyelitis which
becomes manifest, it is apparent that the areas in which the fly traps were
set were saturated with poliovirus infection. The appearance of clinical
4-
NUMBER OF -
CASES OF 2-
POLIOMYELITIS
22-30 1-7 8-15 16-23 24-31 1-7 8-IS 16-23 24-28
JUNE JULY AUGUST
ENTEROVIRUS
ISOLATIONS
FROM FLI ES - - - PI PI - - -
KEY
O POLIOMYELITIS CASE IN PROJECT (TYPE I)
0
POLIOMYELITIS CASES WITHIN ONE-HALF MILE RADIUS
OF FLY TRAP (TYPE I)
Pt POLIOVIRUS TYPE I
- NEGATIVE.
FIG. 3. Clinical cases of poliomyelitis and virus isolations from flies in Farnum
Courts housing project, 1959.
disease in these areas was almost invariably paralleled by the recovery
of poliovirus type I from flies as shown in Table 2. Figures 2 and 3
illustrate the striking time relationships in the Elm Haven and Farnum
Courts housing projects between clinical disease and the presence of polio-
virus in flies. In only one instance did the fly trap set in a project (Brook-
side) remain negative for poliovirus type I when there was a clinical case
present in the project. The two isolations of ECHO virus type 7 were en-
countered at the time the clinical case of poliomyelitis appeared. On two
occasions traps were positive when there was no clinical disease in the
project, which is not surprising considering the probable high ratio of
inapparent to apparent infection. Comparison of in vitro genetic markers
of selected poliovirus type I strains isolated from humans and flies indicated
that virus from both sources possessed similar characteristics of virulence:
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they grew well at 400C. and they produced plaques in low bicarbonate
media; thus they were classified as rct/40°+ and d+.@
ENTEROVIRUS ISOLATIONS FROM FLIES, 190
In all, 39 collections were made in the projects during the period from
June 7, 1960 to August 22, 1960. Approximately 2,200 ml. of flies with
a species distribution similar to that of 1959 were collected during this
time. The 39 tests carried out on these fly samples were completely negative
in terms of enterovirus isolation after two passages in MK tissue culture.
There was no evidence from the fly samples that attenuated poliovirus
TABLE 3. ELM HAVEN ENTEROVIRUS ISOLATIONS FROM SEWAGE AND FLIES, 1960
MAY JUNE JULY AUGUST
26 7 17 24 1 8 15 22 29 8 12 26
Sewage PII - U PII U U U PIII U PI,U
Flies - - -
PI = Poliovirus type I.
PII = Poliovirus type II.
PIII = Poliovirus type III.
U = Unidentified agent, non-poliovirus.
- = Negative specimen.
vaccine strains, fed to 350 preschool children, were still present in the
community, nor were any other enteroviruses encountered.
Sewage specimens from Elm Haven in 1960
During the period May 25 to August 22 sewage specimens were col-
lected from three large apartment houses of the Elm Haven project.
From these, two strains of poliovirus type II were recovered along with
single strains of type I and type III, and six unidentified enteroviruses
(not poliovirus). The results of concurrent tests on flies and sewage in one
project area, viz. Elm Haven, are shown in Table 3. These results indi-
cate that enteroviruses were present in the community, though apparently
not in large enough quantities to cause contamination of flies. The type II
and III poliovirus strains isolated resembled the vaccine strain in that
they were d- and rcT 40°-; the type I was rcT 40°- but d+. It is not
possible on the basis of these findings to classify the isolates as progeny
of vaccine strains or as wild strains, although the former is a likely
probability.
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DISCUSSION
The findings of the present study illustrate the relative ease with which
poliovirus may be recovered from flies during an urban epidemic of polio-
myelitis. The presence of virus in flies seemed to serve as a fairly con-
sistent mirror of the level of clinical disease in two areas of this urban
population. Thus as shown in Table 2, a sizeable outbreak was recorded
in the Elm Haven area (population 3,100), as indicated by the appearance
of seven clinical cases of poliomyelitis in the month of July, 1959, giving
a rate of 2.3 per 1,000. This observation was paralleled by the isolation
of seven poliovirus type I strains from flies trapped in the area during
the same time period (Table I). Similiarly, in the vicinity of the Quinnipiac
Terrace project two paralytic cases occurred at a time when a polio-
virus type I isolation was made from flies trapped in the area.
In contrast to the isolations from flies made in 1959, no virus strains
at all were recovered from 39 collections trapped in the same housing
project areas over a three-month summer period in 1960 during which
clinical cases of disease associated with enteroviruses were absent. That
there was, however, some virus circulation during this time is indicated
by the isolation of several poliovirus and other enterovirus strains from
sewage of the one housing project in which this was tested. The data are
not adequate to make quantitative comparisons, but it would seem likely
that relatively large amounts of enteroviral agents, whether wild or of
vaccine origin, must be present in an urban area before such agents can
be demonstrated in flies. Thus the circulation of poliovirus vaccine strains,
administered several months earlier in the study area, was not sufficient
to be reflected in contamination of flies.
The absence of enteroviruses in flies trapped during the summer of
1960 is in contrast to the findings reported for Guadalupe Village, Arizona,'
where at a time when no clinical disease was present (and very few polio-
virus infections) a high percentage of fly catches yielded not only polio-
viruses but Coxsackie and ECHO viruses as well. The study areas in both
New Haven and Guadalupe Village contained a high density of young
children who are known to be the best spreaders of enteroviruses, but the
two sites differed markedly in their standards of sanitation: in New Haven,
these were good, while in Guadalupe Village they were extremely primitive.
In the latter site, because of the accessibility of human feces, relatively few
excretors of virus could contaminate a large number of flies. In an urban
area such as New Haven, on the other hand, where fecal material is dis-
posed of in the sewage system, it is likely that virus could be recovered from
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flies only in the presence of infection of epidemic or near epidemic pro-
portions.*
The observations herein reported emphasize how readily polioviruses
can be recovered from flies trapped in a crowded city housing-project
area during an epidemic. It has been postulated that once flies are con-
taminated, they might serve more or less as accidental, mechanical vectors,
particularly in tropical areas of low sanitation and high poliovirus en-
demicity. A more important role has, however, been suggested by the
findings of Gudnadottir that some virus multiplication can occur in flies.'
This raises the question as to whether mutation might occur, and even
whether such mutation might not be one of the factors contributing to the
emergence of epidemic strains. Certainly the information on poliovirus-
fly relationships is far from complete.
SUMMARY
During two successive summer periods fly collections from four urban
housing projects in New Haven, Connecticut were tested for the presence
of enteroviruses. In the first summer an epidemic of poliomyelitis occurred
which centered in the population of several of these areas. It was found
that poliovirus type I strains, with genetic characteristics similar to
strains isolated from patients, could be recovered regularly in areas with
a high degree of poliovirus infection as manifest by clinical disease. The
converse relationship was noted in the second summer of the study when no
clinical disease due to enteroviruses occurred in New Haven and no
enteroviruses were recovered from flies. Furthermore, there was no evi-
dence in terms of virus isolations from flies of persistence of oral poliovirus
vaccine strains which had been given to some of the preschool children
of the area during February to May of 1960, although sewage specimens
collected at the same time as flies did yield a few strains of poliovirus
and non-polio-enteroviruses. These findings may indicate that in an area
of relatively high sanitation a high level of infection must be present
before flies become contaminated with enteroviruses.
* The importance of sanitation in relation to virus contamination of flies has also
been documented recently in a study carried out by members of this Department in
a village in Costa Rica, where it has been observed that the number of enteroviruses
recovered from flies was related to the socio-economic standards of a given group as
reflected by the cleanliness and sanitary arrangements in their houses.' The lower the
socio-economic area in which the flies were caught, the more enteroviruses were
recovered, while in "clean" areas of the same village few or no isolations were
made from flies.
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